Abstract -The family Characidae, one of the largest and more diversified fish families in the Neotropical region, is certainly not a monophyletic group, which is supported by the cytogenetic data showing its extensive chromosome variability. In this work, two species of the genus Serrapinnus, S. heterodon and S. piaba, from the São Francisco river basin were analyzed. Both species presented the same diploid number, 2n=52 chromosomes, and the same karyotypic formula, 16m+20sm+14st+2a. The heterochromatin distribution, evidenced by C-banding, was also similar between both species. On the other hand, two NORs were evidenced in S. heterodon, while a multiple NOR system was characterized in S. piaba, both confirmed by silver nitrate staining as well as by fluorescent in situ hybridization with 18S rDNA probe. Furthermore, two additional karyotypes (cytotypes) were observed in S. heterodon, with 15m+20sm+14st+3a and 17m+20sm+14st+1a chromosomes, respectively, characterizing a structural chromosome polymorphism in the population. The differences between the three S. heterodon karyotypic forms are probably due to pericentric inversions related to the 8 th and 26 th chromosome pairs.
INTRODUCTION
Characidae is the largest family of the order Characiformes with approximately 776 species and 152 genera (FROESE and PAULY 2005) . Besides this large species number, there is an extensive variety of forms that indicates a paraphyletic origin for this family (VARI 1983; WEITZMAN and MALA-BARBA 1998) . On the other hand, the subfamily Cheirodontinae is considered a monophyletic group composed of small representatives, usually with a length of 30-40mm, found in lentic environments and lowland waters in South and Central America (MALABARBA 1998) . The monophyletism of this subfamily is supported by some morphological characters, such as dental morphology and musculature, as well as by the color pattern of the umeral region (MALABARBA 1998) . The genus Serrapinnus was recently proposed for Cheirodontinae (MALABARBA 1998) and includes species previously placed in the genera Cheirodon, Holesthes and Odontostilbe, besides some other new species.
Cytogenetically, the Characidae species are also very diversified with extensive variations in the diploid number (MORELLI et al. 1983; OLIVEIRA et al. 1988; PORTELA et al. 1988; AREFJEV 1990) , distribution of the constitutive heterochromatin (SOUZA et al. 1996; MANTOVANI et al. 2000; MANTOVANI et al. 2004) , localization and number of the nucleolus organizing regions (MOREIRA-FILHO et al. 1984; GALETTI JR. 1998) , as well as the occurrence of supernumerary (MOREIRA-FILHO et al. 2001 ) and sex chromosomes (ARTONI and BERTOLLO 2002) , diplochromosomes (SOUZA et al. 1995) and polyploidy (FAUAZ et al. 1994) . However, there are few cases of structural chromosome polymorphism reported for this family (CENTOFANTE et al. 2002; PACHECO et al. 2001) , probably related to the difficulty in detecting chromosomal rearrangements that do not substantially alter the centromere position, as well as to the small size of the analyzed samples. In the present work, the karyotype of two Serrapinnus species were analyzed using some conventional methodologies and in situ localization of rDNA sequences, with the detection of a structural chromosome polymorphism in S. heterodon.
MATERIAL AND METHODS
Sixteen Serrapinnus heterodon (EIGENMANN 1915) specimens (five males, ten females and one sex undetermined) and sixteen S. piaba (LÜTKEN 1875) specimens (five males, six females and five sex undetermined) were collected in a small lagoon next to the São Francisco river (Três Marias, MG, Brazil). After the cytogenetic studies, the specimens were deposited in the Museu de Zoologia da Universidade de São Paulo (Brazil), under the registrations MZUSP 86916 and MZUSP 86915, respectively.
Mitotic chromosomes were obtained from kidney cells through direct preparation method (BER- TOLLO et al. 1978) . The constitutive heterochromatin (C-banding) and the nucleolus organizing regions (Ag-NORs) were analyzed according to SUMNER (1972) and HOWELL and BLACK (1980), respectively. A sequential analysis with conventional Giemsa staining, C-banding and silver nitrate staining (Ag-NORs) was used for a more precise identification of the chromosomes. Fluorescent in situ hybridization (FISH) was employed for mapping the rDNA sites on the chromosomes, according to PINKEL et al. (1986) . An 18S rDNA probe (about 1.800 pb), obtained from nuclear DNA of the fish Prochilodus argenteus (HATANAKA and GALETTI JR. 2004) was utilized.
The chromosomes were classified into metacentic (m), submetacentric (sm), subtelocentric (st) and acrocentric (a), according to the arm ratio (LEVAN et al. 1964) , and arranged in a decreasing order of size in the karyotypes. For the determination of the fundamental number (FN = number of chromosome arms), only the acrocentric chromosomes were considered as having a single chromosome arm.
RESULTS
Serrapinnus heterodon showed a constant diploid number, 2n=52 chromosomes, in both sexes. However three distinct karyotypic forms (cytotypes A, B and C) were identified. Cytotype A was found in three male specimens and is characterized by 16m+20sm+14st+2a chromosomes, FN=102 (Fig. 1a) . Cytotype B was found in seven females and two males specimens and is characterized by 15m+20sm+14st+3a chromosomes, FN=101 (Fig. 1b) and cytotype C was observed in three female and one sex undetermined specimens and is characterized by 17m+20sm+14st+1a chromosomes, FN=103 (Fig. 1c) . No relationship between cytotypes and gender was observed. The heterochromatin was detected in the pericentromeric region of a few chromosome pairs (Fig. 1d) . Only the subtelocentric pair 19 presented heterochromatin in the terminal region of the short arm (Fig. 1d) , with the Ag-NORs (Fig. 1d -box) and 18S rDNA sites (Fig. 2a ) located in this same region, therefore characterizing a simple NOR system for this species.
Serrapinnus piaba also showed a diploid number of 2n = 52 chromosomes, with 16m + 20sm +14st+2a, FN=102 in both sexes (Fig. 1e) . The heterochromatin is also located in the pericentromeric region of a few chromosomes (Fig. 1f) . Ag-NORs were observed in up to three chromosomes: in the telomeric region of the short arm of a submetacentric pair and in a single subtelocentric chromosome ( Fig. 1f -box) . Besides these three chromosomes, 18S rDNA sites were evidenced in four other chromosomes (Fig. 2b) : in the short arm of the acrocentric pair 26, where a segment of heterochromatin also occurs, and in an unidentified metacentric pair.
DISCUSSION
S. heterodon and S. piaba showed a very similar karyotypic macrostructure. The distribution of the C-bands was also similar in these two species. However, the heterochromatic bands on the 19 th chromosome pair of S. heterodon and on the 26 th chromosome pair of S. piaba, are specific chromosome markers for these species. In a similar fashion, the NORs were also species-specific, corresponding to a simple system in S. heterodon and a multiple system in S. piaba, which was confirmed by silver nitrate staining as well as by fluorescent in situ hybridization. However, a larger number of 18S rDNA sites was observed in S. piaba, in comparison to the Ag-NOR sites. Such occurrence has been relatively common in fish species with a multiple NOR system, as in Hoplias malabaricus (BORN and BERTOLLO 2000) , Astyanax scabripinnis (FERRO et al. 2001; KAVALCO and MOREIRA-FILHO 2003) , A. parahybae, A. intermedius and A. giton (KAVALCO and MOREIRA-FILHO 2003) , once silver nitrate only stains those sites that were active in the preceding interphase (MILLER et al. 1976 ). Despite the similar karyotypic macrostructure of S. heterodon and S. piaba, the peculiarity of the C- banded chromosomes and the number of NOR sites indicate some divergent chromosomal rearrangements that occurred during the karyotypic evolution of these species.
A structural polymorphism related to small metacentric and acrocentric chromosomes was detected in S. heterodon, with three cytotypes with distinct fundamental numbers. Cytotype A possesses the same karyotype organization of S. piaba, suggesting that this would be the basic karyotype for this species. Cytotype B is characterized by the absence of a small metacentric chromosome in the pair no. 8, which is substituted by an acrocentric chromosome of the same size. Cytotype C is characterized by the absence of a small acrocentric chromosome in the pair no. 26, which is substituted by a metacentric chromosome of the same size. Therefore, comparing cytotypes B and C with cytotype A it is likely that cytotypes B and C have emerged by different pericentric inversions, since the inverted chromosomes possess the same size of the probable original chromosomes 8 and 16 of the cytotype A, respectively. Homozygote specimens, where pair 8 would be made up of two acrocentric chromosomes and pair 26 by two metacentric chromosomes, were not found, possibly related to the sample size. Cases of structural polymorphisms, with populations showing different karyotypic formulas, are not frequent in Neotropical fishes. Among the Characidae, some few examples refer to Serrasalmus spilopleura (NAKAYAMA et al. 2000; CENTOFANTE et al. 2002) , Astyanax altiparanae (PACHECO et al. 2001) and Bryconamericus aff. exodon (PAINTNER-MARQUES et al. 2002) .
Chromosome rearrangements that decrease the fertility of the heterozygotes, such as pericentric inversions and translocations, may have a prominent role in the speciation by reducing gene flow (WHITE 1968; LANDE 1979) . However, if the rearrangement is an effective barrier to gene flow, it would hardly be fixed unless a segregational distortion occurs, or it appears in a small population susceptible to genetic drift and inbreeding (LANDE 1979; HEDRICK 1981) . On the other hand, some pericentric inversions do not seem to have a pronounced effect on the fertility of the heterozygotes, being more easily fixed in the populations (ROBERTS 1967; COYNER et al. 1991) . In Ilyodon furcidens, for example, an extreme case of chromosome polymorphism was not effective as a reproductive isolation mechanism (TURNER et al. 1985) .
According NAVARRO and BARTON (2003) , pericentric inversions seem to have played a fundamental role in species evolution. Indeed, pericentric inversions appears to have had a major role in the karyotypic evolution of some fish groups, such as Curimatidae, Hemiodontidae, Parondotidae, Anostomidae and Prochilontidae, that possess conserved diploid numbers but present distinct karyotypic formulas. In Astyanax scabripinnis (Characidae), many local populations conserve the same diploid number but are highly diversified regarding the karyotype structure (MOREIRA-FILHO and BERTOLLO 1991), possibly also due to pericentric inversions. Pericentric inversions were also important in the differentiation of sex chromosomes, since they can suppress recombination between the original homologous chromosomes in the inverted segment (BEÇAK et al. 1964; OHNO 1974; OGAWA et al. 1998; CARVALHO et al. 2002; MCALLISTER 2003) .
The cytogenetical data of Cheirodontinae are still relatively poor when compared to other fish groups. The few species already analyzed show a conserved diploid number of 2n=52 chromosomes, although with variations in the karyotypic formulas (WASKO et al. 2001; present paper) . Therefore, these data also point to the probable role of non-Robertsonian chromosomal rearrangements, such as pericentric inversions, in the karyotype evolution of this subfamily, leading to distinct karyotypes among species or to distinct karyotypes among specimens of a population, as occurs in S. heterodon now analyzed.
